Few householders have the time or motivation to systematically weigh up all the facts when judging the energy consumption of their household appliances. It is likely that they instead rely on simple heuristics such as the size heuristic, which has been reported in a small number of previous studies. The studies showed that people's perceptions of the size and energy consumption of appliances were positively correlated but the studies differed in their methods and effect sizes. The present study re-tests the use of the size heuristic using two methods of data collection (between-participants and within-participants) and three methods of correlation. On average, correlations between size and energy estimates were moderately strong but they (and the accuracy of the energy estimates) varied greatly between individual participants. Understanding householders' perceptions of energy is vital to designing more effective energy-saving policies. The findings highlight the importance of choosing and clearly reporting methods.
Testing for the size heuristic in householders' perceptions of energy consumption
Introduction
People are given increasing amounts of information and feedback about their household energy use but a long tradition of decision-making research shows that people do not, and often cannot, seek out, take in, and systematically weigh up all of the relevant facts before making a judgement. Instead, they use heuristics, rules-of-thumb, to simplify the complex and numerous judgements they have to make in their everyday lives. It is important to understand then what heuristics people intuitively use to make judgements about energy consumption. Understanding people's mental models of energy use is essential to being able to design effective behaviour-changing interventions and policies in order to reduce household energy consumption.
A small number of studies over the past 35 years have found evidence to suggest that people use a type of heuristic known as attribute substitution to help them infer how much energy is consumed by individual appliances in their households:
"when confronted with a difficult question people often answer an easier one instead, usually without being aware of the substitution." (Kahneman & Frederick, 2002, p. 53) The studies used a range of methodological approaches and focused on revealing some of the attributes (such as size, duration of use, visibility) of energy-consuming appliances that householders might use as heuristics (the easier question) when judging their energy consumption (the difficult question) (Baird & Brier, 1981; Chisik, 2011; Information Administration, 2015 , 2016 . Although efficiencies in household appliances are currently offsetting the increasing numbers of electricity-consuming devices in UK households, in the US, the reverse is true (DECC, 2016; US Energy Information Administration, 2013) .
It is often assumed that people lack accurate knowledge about energy saving and that providing the missing information will help them to change their behaviours and save more energy. Despite the popularity of this approach, there is significant evidence that education alone leads to little or no energy savings (Burgess, Harrison, & Filius, 1998; Delmas, Fischlein, & Asensio, 2013; Kollmuss & Agyeman, 2002) . One reason for this might be that there is limited understanding of people's perceptions of energy. The information deficit model implies that information provision would result in more accurate mental models, and more accurate mental models would improve decision making. This may not always be the case, however.
For example, Kempton (1986) interviewed householders about their perceptions of how central heating thermostats work. He showed that the inaccurate mental model held by a large proportion of US householders would be more effective in saving energy than the mental model that heating experts would be more likely to consider correct. This is because the more accurate mental model leads to efficient behaviour only if the householder understands the model almost to the level of a heating expert, which most will not take the time to do. The simpler model, though technically inaccurate, was estimated to lead to behaviours that consume less energy.
More recently, Revell and Stanton (2014) showed that householders might hold various mental models of central heating systems that vary greatly from how the systems actually work. As Norman (1983) pointed out, it is not necessary for people to have accurate mental models of a device or system in order to use it but they must have models that produce the result they want. That is, people don't need to understand the technical details of how the central heating system works as long as they feel comfortable without spending a lot of money. That can be aided by designing a thermostat that appears to match the perceptions of its users, instead of taking the information deficit approach of trying to change users' perceptions of a complex device.
It might not always be relevant to re-design a single device to ensure that people's mental models of energy consumption and saving are effective but the same principle could be applied to the design of energy-saving policies and interventions.
Our approach, therefore, is to develop an understanding of householders' mental models of energy consumption and saving. We are building on a small amount of previous research, some of which has focused on identifying the heuristics that householders use when making judgements about how much energy appliances consume.
We observed, however, that there are inconsistencies in methodology that could influence research findings and conclusions. In the study reported in this paper, we investigated the methods that have previously been used, and could be used in future studies, to identify heuristics that people use to judge energy consumption. It is possible that people's mental models of energy saving are different from their models of energy consumption (Attari, DeKay, Davidson, & Bruine de Bruin, 2010, S.I. Text) . If reliable methods can be established for investigating people's perceptions of energy consumption based on existing research, future studies can then use them to investigate people's perceptions of energy saving and, also, whether their perceptions are related to actual energy-saving behaviours.
Using Heuristics to Judge Household Energy Consumption
Mains-supplied electricity and gas are largely invisible to end-users (Burgess & Nye, 2008; Kidd & Williams, 2008) and cannot be directly seen, touched, or heard.
Householders can only infer indirectly how much is consumed by their individual appliances so it is plausible that they might base their inferences on the physical attributes-for example, the size-of the appliance itself.
Evidence that people use a size heuristic in their energy consumption judgements comes from a small number of quantitative and qualitative studies (Baird & Brier, 1981; Chisik, 2011; Schuitema & Steg, 2005; van den Broek, 2016) . When asked to draw the five highest-energy-consuming things in their home, Chisik's interviewees tended to draw large appliances and mentioned size and duration of use as reasons for their greater energy consumption. During focus group discussions in which participants collaboratively ranked appliances according to their energy consumption, van den Broek recorded a range of potential heuristics mentioned by the participants, including size. Baird and Brier (1981) and Schuitema and Steg (2005) both asked each of their participants to estimate the size and energy consumption of a set of household appliances and they then correlated the estimates. They found positive correlations between the size and energy consumption estimates, which suggests that people might have been judging energy consumption based on the size of the appliances. Additional support for this conclusion came from their observations of errors made by their participants. Participants overestimated the energy consumption of some large appliances that actually consumed relatively little energy, like the colour TV and stereo (Baird & Brier, 1981, Experiments 2 & 3) or the spin-dryer and electric underfloor bathroom heating (Schuitema & Steg, 2005) . They also underestimated the energy consumption of some small appliances that actually consumed relatively large amounts of energy, like the carving knife, hair dryer, and toaster (Baird & Brier, 1981, Experiments 2 & 3) or the coffee maker, VCR, and satellite receiver (Schuitema & Steg, 2005) . They appeared to be substituting the question about energy consumption with a question about size, which would normally work as a heuristic but failed for appliances that did not follow that pattern.
Although Baird and Brier (1981, Experiments 2 & 3) and Schuitema and Steg (2005) appeared to be testing for attribute substitution (the substitution of size for the energy consumption of the appliances), their studies did not use the heuristic elicitation design method recommended in the heuristics literature (Kahneman & Frederick, 2002; Kahneman & Tversky, 1996) to be most appropriate for identifying this type of heuristic. Their methods of analysis also varied, which might explain why they obtained quite different coefficients. It is important to better understand whether the study designs influenced the results before further research is done into householders' perceptions of energy consumption so that future study findings can be easily TESTING SIZE HEURISTIC IN ENERGY PERCEPTIONS 8 interpreted and compared.
Testing Heuristics With the Heuristic Elicitation Design
The heuristic elicitation design is a simple method in which the estimates of one group of participants on one variable are correlated with the estimates of another group of participants on another variable (Kahneman & Frederick, 2002) . A strong correlation is interpreted as indicating that the participants of one group are actually answering the question asked of the other group, possibly without even realising that they are substituting the questions. The heuristic elicitation design method was used in some of the classic heuristics studies (e.g. Kahneman & Tversky, 1973 as well as some more recent ones (e.g. Kahneman, Schkade, & Sunstein, 1998; Monin, 2003) . A defining feature of the heuristic elicitation design method is that it uses a between-participants design; Baird and Brier (1981, Experiments 2 & 3) and Schuitema and Steg (2005) both used a within-participants design to collect their data.
Within-participants versus between-participants designs.
The heuristic elicitation design method uses a between-participants design for data collection so that participants' estimates are not influenced by either their previous estimates or by clues to what the study might be about (Greenwald, 1976; Kahneman & Frederick, 2002; Kahneman & Tversky, 1996; Keren, 1993) . If participants who have already estimated the size of the appliances are then asked to estimate the energy consumption of the appliances, their energy estimates might be primed by their size estimates (e.g., Strack, Martin, & Schwarz, 1988) . A strong correlation in this case would just reflect priming rather than any intuitive substitution of one attribute for the other. Similarly, participants who are asked to estimate both sets of attributes might realise the purpose of the study and respond differently than if they were unaware. If separate groups of participants estimate size and energy consumption, any influences come only from the knowledge, experience, and expectations that they bring into the study from their everyday lives (Greenwald, 1976; Keren, 1993) . It is also slightly more realistic to only be judging one attribute or the other, rather than both variables in succession (Kahneman & Frederick, 2002) .
In the study reported in this paper, we tested for the use of the size heuristic using the heuristic elicitation design, which uses a between-participants design for data collection but the same method of correlation as Baird and Brier (1981, Experiments 2 & 3) . This enabled to us to investigate whether the correlation between size and energy consumption estimates was different when performed on within-participants data than on between-participants data.
Methods of correlation in heuristic testing.
The method of correlation used to analyse participants' responses has been shown by Monin and Oppenheimer (2005, Study 3) to influence the strength of the correlation coefficient (the effect size of the study) (see also Nickerson, 1995) . Averaging participants' data is a common way to make raw responses more manageable for analysis for both within-participants and between-participants data. Correlating average estimates is the only way to analyse between-participants data in which there are no intrinsic pairings between the two variables being correlated. In within-participants data, however, each participant provides estimates of both size and energy consumption for each appliance so there are more ways in which the data can be correlated.
When Baird and Brier (1981, Experiment 3) analysed their data, they first calculated the average estimate of size for each appliance and the average estimate of energy consumption for each appliance. They then correlated the average estimate of size and the average estimate of energy for each appliance (appliances were the unit of analysis rather than the participants). Monin and Oppenheimer (2005) , however, found that averaging participants' ratings before correlating them led to higher correlation coefficients than if the raw ratings for each item were correlated per participant and then the coefficients averaged. They analysed the same within-participants dataset twice: Once by averaging the ratings before correlating them (r = .52) and once by correlating the ratings per participant then averaging the coefficients (mean r = .25) (Monin & Oppenheimer, 2005, Study 3) . The difference between the coefficients was not significant (z = 1.71, p = .087 1 ) and both were significantly larger than zero so the overall conclusion of the study did not change. The large differences in effect sizes as a result of using different methods of correlation, however, has concerning implications for how they might be interpreted by other researchers reviewing the energy heuristics literature or performing meta-analyses of the results in future. Baird and Brier (1981) used the same method of correlation as in the heuristic elicitation design method: They averaged the estimates of size and of energy consumption for each appliance before correlating them. Schuitema and Steg (2005) took a different approach to correlation. 
Study Overview
It is important to understand better how householders perceive their energy consumption if effective policies are to be designed to to help them reduce household energy consumption. People use heuristics to help them make judgements and decisions in their everyday life. Previous evidence has shown that householders might use the size heuristic to help them judge the amount of energy consumed by their appliances but the studies varied in their findings and in their methods used.
The study in this paper tested for the use of the size heuristic using two different methods of data collection and three different methods of correlation to investigate whether the method affects the results. Table 1 summarises the four different study designs tested in this paper. The analysis methods are labelled according to the initials of the authors of the studies from which the method was taken. For simplicity, this paper refers to the method of correlation used by both Baird and Brier (1981) and the heuristic elicitation design (Kahneman & Frederick, 2002) as the BB analysis, regardless of whether it is used to analyse within-participants or between-participants datasets.
Design 1 tested whether a positive correlation between size and energy consumption would be obtained when data were collected using a between-participants design-the heuristic elicitation design (Kahneman & Frederick, 2002) .
Design 2 tested whether there was a difference in the size of the correlation coefficient for data collected using a within-participants design, like Baird and Brier (1981, Experiments 2 & 3) , compared with the data collected using a between-participants design in Design 1.
Design 3 tested whether the correlation method used by Schuitema and Steg (2005) would produce a positive correlation in our within-participants dataset and whether the coefficient was different from the coefficient obtained in Design 2. Design 4 tested whether the method used by Monin and Oppenheimer (2005, Study 3) would produce a positive correlation in our within-participants dataset and whether the coefficient was different from the coefficient obtained in Design 2.
A final analysis evaluated how closely (or not) participants' perceptions of the energy consumption of the appliances matched the actual average energy consumption of the appliances in UK households. Both the between-participants and within-participants datasets were analysed and both the BB analysis (used in Designs 1
and 2) and MO analysis (used in Design 4) were used to correlate the estimates with the actual consumption data.
The data for the within-participants and between-participants datasets were collected at the same time and using almost identical procedures so the Method for all the designs is described in the next section. The analyses, results, and conclusions are then reported separately for each design. The study reported in this paper was conducted in line with the university ethics regulations (University of Surrey, 2016).
Two datasets were collected for the analyses reported in this paper: A between-participants dataset and a within-participants dataset. The within-participants dataset was analysed using three different methods of correlation. All measures, conditions, and data exclusions for this study are reported in this article.
Participants
Participants were recruited online using social media and a university recruitment system. Undergraduate Psychology students received a course token for participation; no other incentive was offered. Each participant was randomly allocated by the web-based survey software to either the within-participants group, the between-participants energy group, the between-participants size group, or one of three other groups. The data collected from the three other groups measured the use of other heuristics and will be analysed separately and reported elsewhere; they were not relevant to the research questions of this study, which focused specifically on comparing methods of testing for the size heuristic.
One participant in the between-participants size group was not included in the analyses because they did not complete the tasks. Two other participants were removed after initial analyses (one each from the between-participants size group and the within-participants group) when it became clear that they had not engaged in the tasks and had missed out (or estimated as zero) an unusually large number (up to 13) of appliances compared with other participants. Removal of these two participants did not significantly change any of the coefficients or conclusions so they are not mentioned further in this article 2 .
In the between-participants energy and size groups together, 53 participants (27 in the energy group and 26 in the size group; 64% female) were recruited through social media (70%, mainly Twitter and Facebook) and a university recruitment system (28%).
Fifty-three percent were employed or self-employed; 33% were students; the remainder were retired, long-term sick or disabled, or looking after the home or family.
In the within-participants group, 30 participants (53% female) were recruited through social media (63%, mainly Twitter and Facebook) and a university recruitment system (23%). Sixty-seven percent were employed or self-employed; 27% were students; the remainder were retired, looking for work, or long-term sick or disabled.
Study Power
In Designs 1, 2, and 4, the household appliances were to be the unit of analysis (the cases) so the relevant sample size was the number of appliances rather than the number of participants. Power calculations (Mayr, Buchner, Erdfelder, & Faul, 2007) based on effect sizes from the literature (Baird & Brier, 1981; Schuitema & Steg, 2005) showed that a sample size of 8-25 would be required for an effect size (r s ) of .9-.6.
List of Appliances
Although power calculations specified that only 8-25 appliances would be required, it was important to include enough appliances to represent a range of energy consumption quantities and sizes and ensure variation in participants' responses. An initial pilot study included 44 appliances but participants complained that was too many on mobile phone screens. A subset of 30 appliances (see Table A1 ) was selected, giving a sample size of n = 30 in Designs 1, 2, and 4. In Design 3, the initial sample size was n = 900 because cases were each combination of 30 within-participants participants and 30 appliances (though this was reduced to n = 895 during analysis by listwise deletion of missing estimates). The appliances were taken from lists of energy-consuming appliances mentioned by interviewees in previous interviews (reported elsewhere).
Procedure
Participants were invited to participate in a study about the psychology of quantity to avoid them wondering why they were being asked to estimate the size of household appliances. The procedures for participants in the between-participants and within-participants groups were almost identical. In the within-participants group, participants estimated, in counterbalanced order, both the size and energy consumption of the appliances, whereas in the between-participants group, participants estimated either the size or energy consumption. Although participants could skip appliances, they were prompted to respond to any that they had missed before continuing.
Participants in the between-participants energy group took longer to complete the study than participants in the size group (M energy = 7.78 minutes, SD energy = 11.60;
M size = 4.81 minutes, SD size = 1.81). Participants in the within-participants group took a mean of 7.80 minutes (SD = 3.13) except for one participant who left the study open in her browser for 4.5 days before submitting her responses.
Participants were asked to "Use the sliders to indicate the size of these objects, where 100 is the largest object and 0 is the smallest." and to "Use the sliders to indicate how much energy you think each object uses in the average UK household in 1 year, where 100 is the object that uses the most and 0 is the least.". Participants indicated their estimates by moving a slider along a scale with the minimum value of 0 and the maximum value of 100 (starting position = 0). Participants were requested to "Answer as quickly as you can and just say what you think. Don't worry about being right or wrong." to discourage them from doing online research or explicitly calculating the size or energy consumption.
Identical scales (0-100) were provided for both size and energy consumption estimates because participants were not expected to know the absolute values in kWh of the individual appliances (Attari et al., 2010; Kidd & Williams, 2008) and to avoid participants trying to explicitly calculate the size or energy consumption. Providing an upper bound to the scale meant it was not necessary to provide a reference point (modulus) against which all participants should make comparisons (Kahneman & Frederick, 2002) and which could have artificially anchored participants' estimates (Attari et al., 2010; Frederick, Meyer, & Mochon, 2011; Schley & DeKay, 2015) . Frederick et al. (2011) showed that choice of modulus probably varies between people when estimating energy consumption and that artificially constraining the modulus can influence the size of the correlation. We expected participants to make their estimates relative to other appliances so the appliances were displayed in a random order for each participant, leaving participants free to choose their own reference points whilst being constrained to responding on the 0-100 scale.
As in the study by Schuitema and Steg (2005) (see also Schley & DeKay, 2015) , participants were asked to judge annual energy consumption instead of hourly energy consumption as requested by Baird and Brier (1981, Experiments 2 & 3) . In previous interviews, several participants emphasised the importance of considering seasonal variation and standby usage of appliances when estimating energy consumption. Annual estimates were requested to smooth out perceptions of varying usage of the appliances and to avoid uncertainty around responding for, say, summer versus winter usage.
After completing the estimation tasks, but before some demographic questions, all participants were asked an additional question to test for another heuristic that was unrelated to the research questions addressed in this article and so will be reported elsewhere. Its presentation after the estimation tasks ensured that it would have no impact on the results reported in this article.
Actual Energy Consumption and Size Data
The actual energy consumption data were calculated from the most recently available official UK energy statistics. The annual tonnes of oil equivalent per appliance were calculated from Table 3 .10 and Table 3 .12 of the Domestic dataset (DECC, 2015) .
Reliable and internally consistent annual energy consumption data could be obtained for only 16 of the 30 household appliances that participants estimated. The actual size (volume; cm 3 ) of each appliance was obtained from the online catalogue of a popular UK white goods website (Currys.co.uk).
The actual energy consumption and actual size data were standardised so that the highest consuming appliance consumed 100 units of energy and the largest appliance was 100 units in size (see Table A1 ). This made the data more manageable during the analysis and more easily comparable with the estimates provided by participants on the 0-100 scale.
Results
For clarity, the analyses, results, and conclusions are reported separately for each design.
3.1 Design 1 3.1.1 Introduction. In Design 1, the data were collected and analysed according to the heuristic elicitation design method (Kahneman & Frederick, 2002; Kahneman & Tversky, 1996) . The between-participants dataset was analysed using the BB analysis of averaging the size estimates and the energy consumption estimates per appliance and then correlating the averaged size and energy estimates (see Table 1 ).
Based on the literature (Baird & Brier, 1981; Schuitema & Steg, 2005) , it was hypothesised that size and energy estimates would be positively correlated (one-tailed).
Analyses.
To prepare the between-participants dataset for analysis, the data were transposed so that the cases (rows) were the appliances and the variables (columns) were the responses to each question by each participant. < .001; see Table 2 ). Although lower, the correlation coefficient was not significantly different from the coefficients Baird and Brier (1981) Note. b-p = between-participants; w-p = within-participants. a After listwise deletion during the correlation.
Conclusion.
According to the aim of the heuristic elicitation design that we used (Kahneman & Frederick, 2002) , the strong, positive correlation between the estimates of the two groups of participants suggests that the participants who estimated the energy consumption of the appliances were actually estimating the size of the appliances (or vice versa).
Design 2
3.2.1 Introduction. In Design 2, the data were collected and analysed according to the method used by Baird and Brier (1981) . The within-participants dataset was analysed using the BB analysis as in Design 1 (see Table 1 ). That is, the average size estimates for each appliance were correlated with the average energy consumption estimates for each appliance. By keeping the data analysis method consistent between Designs 1 and 2, we could determine whether the data collection method (between-participants vs within-participants) could cause a difference in the correlation coefficient obtained. Based on the results of Baird and Brier (1981) and Schuitema and Steg (2005) , it was hypothesised that the size and energy estimates would be positively correlated (one-tailed). It was also hypothesised that if the within-participants design influenced participants' estimates, the correlation between size and energy consumption estimates would be significantly different from in Design 1 (two-tailed).
Analyses.
The within-participants dataset was prepared for analysis in the same way as the between-participants dataset in Design 1. Again, a Table 2 ). This supported the results of Baird and Brier (1981) and Schuitema and Steg (2005) , reflecting a real correlation-not just a consequence of their study design. There was no significant difference between the coefficients found using Design 2 and Design 1 (z = 0.30, p = .764).
The order in which participants in the within-participants dataset estimated the size and energy consumption of the appliances was counterbalanced. This meant that we could check for order effects using the same method as Strack et al. (1988) there was no significant difference (z = 0.47, p = .638) between the two. Both coefficients were very similar to the overall correlation coefficient for the within-participants dataset (for the median estimates per appliance in each dataset, see Table A1 ).
Conclusion. The type of data collection (within-participants vs
between-participants) did not make a significant difference to the correlation coefficient obtained. It seems very unlikely that Baird and Brier (1981) and Schuitema and Steg (2005) obtained their strong positive correlations between size and energy consumption estimates as a result of using within-participants designs to collect their data.
Design 3
3.3.1 Introduction. In Design 3, the within-participants dataset was re-analysed using Schuitema and Steg (2005) 's method of correlation (SS analysis) in which a single set of raw size estimates was correlated with a single set of energy consumption estimates across all participants to obtain a single correlation coefficient (see Table 1 ). Based on the literature (Baird & Brier, 1981; Schuitema & Steg, 2005) , it was hypothesised that size and energy estimates would be positively correlated (one-tailed). Based on the observed significant difference between the coefficients obtained by Baird and Brier (1981) and Schuitema and Steg (2005) , it was hypothesised that the size of the coefficient would be smaller than that obtained in Design 2, which used the BB analysis (one-tailed).
Analyses.
To prepare the within-participants dataset for analysis, the data were arranged with just two variables, energy consumption estimates and size estimates, so that each case was just two estimates from one participant for one appliance. In total, there were 900 cases (30 participants X 30 appliances), though through listwise deletion n = 895 in the correlation. (2005)'s studies was due to using different statistical tests.
Conclusion.
This analysis showed that it was possible to obtain significantly different correlation coefficients by using different methods of correlation to analyse the same dataset for heuristics. It also seems unlikely that the difference between the coefficients obtained by Baird and Brier (1981, Experiments 2 & 3) and Schuitema and Steg (2005) was a consequence of regression to the mean.
Design 4
3.4.1 Introduction. In Design 4, the within-participants dataset was re-analysed again, this time using the method of correlation used by Monin and Oppenheimer (2005) (MO analysis; see Table 1 ). Based on their findings, it was hypothesised that the size and energy consumption estimates would still be positively correlated (one-tailed). It was also hypothesised that the correlation coefficient from Design 4 (using MO analysis) would be different from the coefficient from Design 2 (using BB analysis). It was not clear in which direction the difference would be (two-tailed).
Analyses.
The within-participants dataset was re-analysed by correlating the size and energy consumption estimates of the appliances for each participant separately (see Monin & Oppenheimer, 2005 , Study 3). As in Design 2, the appliances were treated as cases and the participants and their estimates as variables.
In Design 2, however, the energy and size estimates for each appliance were averaged before correlation. In Design 4, each participant's size and energy estimates of the appliances were correlated for the participant, then the 30 correlation coefficients (one per participant) were averaged to find the mean coefficient.
Results.
As hypothesised (see Monin & Oppenheimer, 2005 were found for the between-participants data of .22 for energy consumption estimates and .66 for size estimates.) The individual correlation coefficients of each participant also varied greatly (see Table B1 ). As Monin and Oppenheimer (2005, Study 3) found, the coefficients obtained by correlating averaged data (Design 2) versus raw data (Design 4) appeared to be very different though the difference was not statistically significant (z = 1.59, p = .112; see Table 2 ).
Conclusion.
Although the difference between the correlation coefficients in Design 4 and Design 2 was not significant this time, using two different methods of correlation to analyse the data for heuristics produced quite different coefficients. This shows that researchers should not only be careful in choosing their method of correlation but also in clearly reporting it so that other researchers are not misled. 
Comparing Perceptions With

Analyses.
We correlated the actual size and actual energy consumption data with each other and with the estimated energy consumption and estimated size data from both the within-participants and between-participants datasets. To further investigate the impact of using different methods of correlation to analyse the data, the correlations were performed using both the BB analysis (participants' median estimates correlated with actual data) and MO analysis (participants' raw estimates correlated, per participant, with actual data). Table 3 lists the coefficients for each dataset using each method of correlation. Appliances were treated as cases but only 16 appliances were included in correlations with the actual energy consumption data because it was available for only 16 of the 30 appliances. Figures 1 and 2 show the actual size and energy data with the estimates for the between-participants and within-participants datasets respectively. As Attari et al. (2010) and Baird and Brier (1981) found, participants seemed, on average, to underestimate energy consumption for the higher-consuming appliances but this could also reflect underlying differences between participants in their energy consumption estimates. Actual size and actual energy consumption correlated strongly with each other (r s = .90, p [one-tailed] < .001).
Results.
Participants' estimates of size were also strongly correlated with the actual size of the appliances; the MO analysis produced mean coefficients that were slightly smaller than the BB analysis produced but the difference was not significant (see Table 3 . Participants' estimates of size strongly correlated with the actual energy consumption; again, the MO analysis produced mean coefficients that were slightly smaller than the BB analysis produced but the difference was not significant (see Table   3 . Participants' estimates of energy consumption were strongly correlated with the actual energy consumption of the appliance when the BB method was used to correlate the median estimates of each appliance with the actual energy consumption of the appliance. When the MO analysis was used to correlate individual raw estimates of energy consumption with actual energy consumption, however, the positive correlations were lower, significantly lower in the case of the between-participants data (see Table 3 . When the MO analysis was conducted on the within-participants dataset, both the correlation coefficients between energy consumption estimates and actual energy consumption and the correlation coefficients between the same people's estimates of size and energy consumption appeared to vary greatly between individuals (Table 3, column   7, and Table B1 ). An exploratory correlation of the two sets of coefficients for the same participants showed a strong, positive correlation of r s =.82. This is probably unsurprising as both sets of coefficients were based on the participants' energy consumption estimates. It does confirm, however, that participants whose estimates of Note. BB = BB analysis; MO = MO analysis; correlations that involved actual energy consumption data were conducted on only the subset of 16 appliances for which the data were available.
size and energy consumption correlated highly also tended to be more accurate in their estimates of energy consumption.
Conclusion. The strong, positive correlations produced by the BB
analysis method between average size estimates and the actual energy consumption of appliances suggest that a size heuristic would be useful in judgements of energy consumption, especially when considered alongside the strong, positive correlations between actual size and actual energy consumption, and size estimates and actual size.
The correlations between average energy consumption estimates and the actual energy consumption of appliances (i.e., the accuracy of participants' energy consumption estimates) are slightly lower than would be expected based on the accuracy of the size estimates if people were relying purely on size to judge energy consumption. This suggests that, as Baird and Brier (1981) concluded, while size might play a part in people's judgements of energy consumption, it is not the only cue that people use.
The correlations using the MO analysis method suggest a slightly different interpretation. Only some participants were very accurate in their energy consumption estimates; other participants varied greatly in their accuracy (see Table 3 , column 7).
We also found that participants whose size and energy consumption estimates correlated strongly also tended to be more accurate in their energy consumption estimates. One possible interpretation of this finding is that participants who used the size heuristic were more accurate in their estimates of energy consumption.
Discussion
It is essential to understand how householders perceive the energy consumption in their homes if behaviour change interventions and policies are to be effective. Simply providing householders with more and more information does not appear to be helping In Designs 1 and 2, we found significant, strong, positive correlations of average size and energy consumption estimates regardless of whether the data were collected using a between-participants design or a within-participants design. This confirmed previous findings by Baird and Brier (1981, Experiments 2 & 3) and Schuitema and Steg (2005) that perceptions of size are strongly related to perceptions of energy consumption. It also confirms that the within-participant study design did not influence the correlations by priming or other means and, according to the attribute substitution model (Kahneman & Frederick, 2002) , participants were substituting size when judging energy consumption.
In Designs 3 and 4, we found that re-analysing the within-participants dataset with other methods of correlation produced significant, moderately strong, positive, but smaller coefficients. This suggests that the significant difference between the Baird and
Brier ( Some participants had mental models that matched the actual energy consumption of appliances, while others did not.
Implications for Studying Householders' Perceptions of Energy Consumption
We confirmed the findings of Baird and Brier (1981) and Schuitema and Steg (2005) that there is at least a moderately strong positive correlation between people's estimates of the size and energy consumption of household appliances. Our finding supports the suggestion, from both quantitative and qualitative studies, that some (but not necessarily all) householders use the size heuristic when judging the energy consumption of their appliances (Baird & Brier, 1981; Chisik, 2011; Schuitema & Steg, 2005; van den Broek, 2016) .
The impact of methodology on results.
We showed that different methods of correlation can produce different sizes of coefficients-the researcher's choice of correlation method influences the effect size of the study. We hope that more research is conducted into how householders perceive and make sense of energy consumption and saving, including investigating the use of potential heuristics in their judgements. It is therefore important that researchers clearly report which correlation method they have used so that other researchers can interpret and compare their findings accurately.
The choice of method for collecting data appeared to be less important to the results of our study. We obtained the same strong, positive correlation for both the between-participants dataset and the within-participants dataset. We also found no order effects for the within-participants dataset. It is not clear why but it is possible that there were so many (randomly-ordered) appliances to estimate that participants did not remember their estimates of the first attribute for each appliance when estimating the second attribute and so were not primed or otherwise influenced by the study design (Li, Johnson, & Zaval, 2011 , also found no order effects using a within-participants design to test attribute substitution). Another possible explanation is that size is one of a few special attributes that are always cognitively accessible to people and cannot be primed (Kahneman & Frederick, 2002) . People automatically perceive the size of objects around them because they use size to help make perceptual judgements such as the distance of objects from them. Participants would not be able to help but substitute size when asked to judge the more difficult attribute of energy consumption. Research on other attributes potentially used as heuristics in energy consumption judgements, using both methods of data collection, would help to verify this.
It is possible that estimating energy consumption over one year instead of the much shorter time frame of one hour that was used by Baird and Brier (1981, Experiments 2 & 3) caused different perceptions but it did not seem to affect our results. Baird and Brier (1981) and Schuitema and Steg (2005) used different time frames but, using a single time frame, we found a similar difference in results between the BB analysis and SS analysis methods as was produced by Baird and Brier (1981) and Schuitema and Steg (2005) .
Causality in heuristic testing.
The study reported in this paper, like those of Baird and Brier (1981) and Schuitema and Steg (2005) Size is also more concrete, visible, and familiar than energy so it seemed plausible that it could influence perceptions of energy consumption rather than the other way round.
Of course, it is possible that the relationship between size estimates and energy consumption estimates was mediated by some other factor. For example, Gabe-Thomas, Walker, Verplanken, and Shaddick (2016), using cluster analyses, showed that participants appeared to think about appliances according to their location (in particular, the kitchen) rather than by their physical size. Most of the largest appliances in a typical household are generally found in the kitchen so people might use the location of the appliance rather than its physical size as a heuristic when judging its energy consumption. This explanation does not account for the errors reported by Baird and Brier (1981) and Schuitema and Steg (2005) though.
Another explanation could be that as the size and energy consumption of appliances are strongly related in reality and as our participants were all accurate in their estimates of size, if they were also accurate in their estimates of energy consumption even without using the size heuristic, they would produce strong, positive correlations between their size and energy consumption estimates. This demonstrates a limitation of the heuristic elicitation design in testing for the use of some energy consumption heuristics. The method is useful in identifying potential heuristics but more experimental approaches (beyond the scope of this paper) would be necessary to verify causal relationships.
Size and Other Heuristics in Energy Judgements
It seems likely that size is relevant to people when judging energy consumption because size is easy to observe and cannot be avoided in everyday visual perception (Kahneman & Frederick, 2002) . Other characteristics of appliances are likely to also be relevant to people's judgements and should be tested in future studies. Size was tested in this study because it is the most reported energy judgement heuristic in the literature-probably because size perceptions are relatively easy to measure.
Individual Differences in Perceptions of Energy Consumption
An important finding of this study is that individual differences should be considered and measured in future studies that investigate people's perceptions of household energy consumption. We found large variations between individual participants in their use of the size heuristic and the accuracy of their energy consumption estimates. Cognitive motivation and cognitive ability might be relevant to their perceptions. For example, people with higher numeracy skills tend to be more accurate in their judgements of energy consumption (Attari et al., 2010; Schley & DeKay, 2015) . Kempton (1986) and Revell and Stanton (2014) also found variation between people in their mental models of central heating systems.
Conclusions
As Baird and Brier (1981) and Schuitema and Steg (2005) found, there is a moderately strong, positive correlation between people's perceptions of the size of household appliances and their perceptions of the energy consumption of those appliances. The method of correlation chosen by researchers to analyse the relationship between participants' estimates can influence the effect size of the study. It is important, therefore, that researchers choose carefully which method to use and also report clearly their study design so that other researchers can interpret and compare studies. The method of data collection did not, in itself, make a difference to the strength of the correlation. Using a within-participants design with a per-participant method of correlation, however, revealed that individual differences are important to whether people might use the size heuristic.
While the original, between-participants heuristic elicitation design method should be used to quickly and cleanly identify likely heuristics, the MO analysis, with its sensitivity to individual differences, is valuable in providing insight into how people perceive energy consumption. It is clear from our findings that people vary in how they perceive the energy consumption of the appliances in their homes. It is clear from the literature that providing householders with increasing amounts of information is not helping them to reduce their energy consumption and save energy. Understanding how people perceive energy consumption is essential to being able to design effective energy-saving interventions that actually work.
Appendix A Annual UK energy consumption and size of appliances and median estimates 13.50 Note. B-P = between-participants dataset; W-P = within-participants dataset. a The actual energy consumption of each appliance was standardised so that the highest consuming appliance consumed 100 units of energy. The tonnes of oil equivalent were multiplied by 3067.484662577. The number of units is rounded to 2 decimal places for clarity in this table. b The actual size of each appliance was standardised so that the largest appliance was 100 units in size. The cm 3 volume was multiplied by 0.000238039.
Appendix B
Individual correlation coefficients for Design 4 
